first two rows of teeth at the posterior end of the dental lamina in a 60 cm specimen of Curcharhinus menisorrah were uncalcified, but calcification had begun in the tooth--cap layor at the tips of third-row teeth. Enamel crystals developed within hollow enamelinc hbrils (tubules) which polymerized beneath the basement menbrane underlying ameloblasts. Vesicles containing fine granules were present in the apical cytoplasm of ameloblasts in tooth buds prior to calcification. Fine granular material accumulated extracellularly between ameloblasts and basement membrane, and also in the enameline matrix on the pulpal side of the basement membrane. The morphology suggests that ameloblasts secrete a granular precursor for the mineralizing enameline fibrils. Enamel crystals with their fibrous coatings were tightly packed in mineralizing zones. Crystals became indefinitely long and equilaterally hexagonal in cross section. They were aligned in parallel within bundles of fibrils interwoven in the mineralizing zones. Odontoblast processes and myelinated nerve fibres penetrated into the cap layer between, mineralizing zones. Giant fibres with a banding periodicity of 14.5 nm occurred in the partitioning matrix between zones of mineralization. Their origin and nature are uncertain. Conventional collagen fibrils developed in the connective tissue within the base of the tooth. and in dentine after it began to differentiate. Crystals of mineralized dentine were needle-shaped as in mammals The cap layer of the sharks tooth is considered to be composed of tubular enamel in which the mineralized zones are probably homologous with mammalian enamel, but which is penetrated by odontoblast processes of mesoderma! origin.
INTRODUCHON
The gnathic teeth of sharks develop in a succession of serrated ranks following the contour of the jaws (Peyer, 1968) . Tooth primordia originate in the dental lamina, an outgrowth of the oral epithelium extending posteriad into the lamina propria of the oral mucosa overlying the palatoquadrate and mandibular cartilages (Daniel, 1934) . The tooth bud begins at the posterior end of the dental lamina as a dome of ectoderma1 epithelia! cells enclosing a dental papilla derived from mesoderm. As the teeth elongate, they become pointed in carcharhinid sharks and bend basally so that their apices point backward toward the pharynx. Older, more anterior teeth overlap those behind. Calcification begins around the tips of teeth toward the rear of the dental lamina and becomes progressively heavier as the teeth grow larger in more anterior rows.
school (Rose, 1898; Weidenreich, 1926 : Bargmann, 1937 Schmidt, 1940; Kvam, 1950; Peyer, 1968; Grady, 1970) have upheld Owen's (184&1845) belief that sharks lack ectodermally derived enamel. The latter group have maintained that the outer layer of elasmobranch teeth is a product of mesoderma! cells of the dental papilla and hence is a modified kind of dentine. Names they have ascribed to the cap layer include: vitrodentine (Rose, 1898) durodentine (Schmidt, 1940) mesodermal enamel (Kvam, 1950) and peripheral initial zone (Peyer, 1968) . Poole (1967) Moss (196X) . Peyer (1968 ) Salomon 1969 Grady (1970) and Garant (1970) have recently discussed the continuing controversy over the homology between the mineralized layers of the teeth in sharks and higher vertebrates. One group of comparative odontologists, including Lison (1949) and Moss (1968) have supported Hertwig's (I 874) contention that the hard outer cap of sharks' teeth is true enamel, derived from ectoderm as in mammals. An opposing There are obvious differences between the outer cap of selachian teeth and the enamel of mammalian teeth. Kerr (1955) lists three: (1) the organic base is fully formed before calcification begins in shark teeth, (2) the matrix is penetrated by cytoplasmic processes from pulp cells and "reticular fibres from basement membrane". (3) this matrix of the outer cap is the first region of the tooth to calcify. Jaekel(1891) nevertheless concluded that shark teeth are covered with a primitive kind of enamel which he called Hacoirwhmek or placoid enamel. Tomes (1898) likewise concluded that shark teeth possess "an early form of enamel". In a similar vein. Grvig (1951) has suggested that the enamel-like tissues of lower vertebrates may represent "enamel of an earlier phylogenetic stage of develop-ment". Thomasset (1930) has proposed that both cctoderm and mesoderm contribute components for shark tooth enamel, an explanation deemed likely by Lison (1949) and Kerr (1955) . The same thought has been expressed by Poole (1967) . who asserts that "there is some reason for supposing that the highly calcified tissues covering dentine are the result of the joint activity of the dental cap and the dental papilla. the relative roles played by the two structures differing in the different groups of vertebrates".
He and Brvig (1967) advocate use of the term "enameloid" as a non-specific designation of the character of the tooth cap in vertebrates below reptiles. pending clarification of its germ layer of origin.
Ultrastructural analysis of mammahan teeth has revealed that decalcified bovine and rat enamels (Travis. 1968; Jessen. 196X) possess tubular compartments, elliptical in cross section, within which the long apatite crystals of prisms or interprisms develop. Mammalian dentine. by contrast. mineralizes like bone by development of short. needle-like crystals in close association with collagen tibrils (Frank. 1966) . Shark dentine mineralizes in the same manner (Garant. 1970) . Biochemical analysis has shown (Levine 41 (I/.. 1966) that the principal protein of shark tooth enamel is not collagen. although Moss. Jones and Piez (1964) have reported what they called "ectodermal" collagen in the crown of sharks' teeth.
The case for the homology of enamel in elasmobranchs and mammals rests squarely on the question of the origin of the organic matrix (Garant. 1970) . According to commonly accepted definitions (Lison. 1949) . enamel is the hard tissue of ectodermal origin produced by amcloblasts;dentine is of mesodermdt origin. produced by odontoblasts.
If both ame!oblasts and odontoblasts secrete components of the cap layer in shark teeth and only ameloblasts in mamrnahan teeth, it may be argued that enamel is not homologous in the two groups. One should take into consideration though that ameloblast processes penetrate deeply into the "tubular enamel" of marsupials (Tomes, 1897 : Lester. 1970 ) and that odontoblast processes apparently extend into the tubular enamel of many teleost fishes (Tomes, 1897; Mummery, 1917 : Thomasset. 1930 . In this paper, we will describe the structure of the tubular enamel in developing sharks' teeth and consider how both ameloblasts and odontoblasts may contribute components of the cap layer matrix.
MATERIALS AND METHODS
A 60cm specimen of Ca~&~rhi~~us meniso~uh caught at Eniwetok Atoll. Marshall Islands, was the source of the jaw tissue used in this study. The shark was one of several delivered live to the Eniwetok Marine Biological Laboratory and kept for a few days in a concrete tank supplied with circulating sea water.
Rectangular blocks including the tooth-bearing oral mucosa. jaw cartilage. connective tissue and skin were excised from upper and lower jaws and fixed in Bouin's fluid for subsequent preparation of paraffin sections for light microscopy.
Strips of oral mucosa with attached teeth were dissected from similar blocks of jaw tissue and fixed in 6.25 per cent glutaraldehyde. 0.15 M phosphate-buffered at pH 7.4, for subsequent processing for electron microscopy. The strips were trimmed to the width of a single row of functional and replacement teeth. Several days later. the tooth-bearing strips were washed with 7.5 per cent sucrose and postfixed in ice-cold 1 per cent 0~0, in acetate-Verona1 buffer at pH 7.4. The fixed fragments were dehydrated and embedded in Maraglas in flat plastic containers.
Photographs of jaw fragments were taken with 35 mm Exacta and Nikon cameras, Bouin-fixed blocks were washed in water. decalcified overnight in Decal (Scientific Products. Evanston, Illinois). dehydrated in 95 per cent ethanol. cleared in amyl acetate and embedded in 56 5X C Tissucmat. Sections were cut at IO /ml and stained with haematoxylin and eosin or with Heidenhain's azan stain. Photomicrographs were taken on 4 in x 5 in panchromatic film with a Spencer photomicrographic camera. Teeth embedded in Maraglas were sectioned with a DuPont diamond knife in an LKB Ultrotome. Thin sections were mounted on uncoated. 200-mesh. copper grids and stained with a saturated solution of many1 acetate. Electron micrographs were taken with an RCA EMU-3E electron microscope operating at 50 kV.
RESl LTS
The teeth of Ctr&ar/rirrrr,s ~niso~ah arc triangular with serrated edges. and with a prominent main cusp llanked by lower lateral cusps. They develop within the oral pocket formed by a fold of the oral mucosa. A block of jaw tissue with the inner wall of the oral pocket removed (Fig. I) illustrates a single file from the eight rows of teeth in the lower jaw of this species. The most anterior. heavily calcified teeth are erected for biting. whereas replacement teeth project posteriad and overlap those behind. Counting from the posterior end, the first two rows in our specimen were uncalcified, but calcification had'begun at the tips of teeth in the third row.
Early stages of tooth development were observed towards the posterior end of the dental lamina, a shelf of stratified squamous epithelium extending from the oral mucosa covering the anterior margin of the jaw and embedded in connective tissue of the lamina propria. The first step was the development of a rounded evagination in the underside of the dental lamina (Fig.  2) . Cells of this dome were cuboidal. Next the tooth bud elongated to the shape of a cone (Fig. 2) . At this stage its epithelial cells had differentiated into columnar ameloblasts, graduating in height to the tallest apitally. These cells surrounded a core of connective tissue cells constituting the dental papilla. Matrix of the enamel zone beneath apical ameloblasts stained pink with eosin and light blue with the aniline blue of Heidenhain's azan stain. As the enameline matrix developed further in a growing tooth (Fig. 3) , it was traversed by linear structures which included obliquely oriented odontoblast processes from peripheral cells of the dental papilla andalso fibres oriented perpendicular to the tooth surface. The latter stained blue with aniline blue.
Matrix of dentine was first deposited toward the base of the tooth after deposition of the enameline matrix was well advanced (Fig. 4) . Initially the layer of dentine was thin beneath the basal enamel but broadened in the tooth base below the level of elongated ameloblasts. Later the dentine thickened and underlay all the enamel. The pulp cavity of a heavily minerdized tooth was reduced to a narrow central tube surrounded by orthodentine in the main cusp. Within the base of the tooth, the dentine was trabecular with the pulp cavity subdivided. Where the mineralized topth was capped with enamel. odontoblast processes extended through the dentine and continued into the enamel layer.
Electron microscope observations
The outer enamel of the main cusp of a partly mineralized tooth (Fig. 5 ) contained zones of mineralization, which in section are called palisades according to Garant's (1970) terminology.
These zones were packed with elongate enamel crystals coursing in paths within which the crystals were parallel. Between the palisades of enamel were soft tissue partitions which contained unit fibrils about 10 nm dia and also giant fibres crossbanded with a periodicity of about 145 nm. Cytoplasmic elements between palisades and also penetrating into them ( Fig. 5 ) included myelinated nerve fibres, odontoblast processes and regressing remnants of such processes.
In sections of cone-shaped teeth before mineralization had begun (Fig. 6 ), ameloblasts, matrix and cells of the dental papilla were separated by a finely granular basement membrane.
The apical cytoplasm of ameloblasts at this stage had a granular texture and contained profiles of smooth endoplasmic reticulum, including cisternae and vesicles. Fine granular material was also seen extracellularly in the electron-lucent zone between ameloblasts and basement membrane. Cytoplasmic elements of the dental papilla included myelinated nerve processes with ensheathing Schwann cells and connective tissue papilla cells. In the matrix surrounding these cytoplasmic elements were three kinds of fibres: (1) unit fibrils, (2) giant fibres of presumptive interpalisadal zones, oriented perpendicular to the basement membrane, and (3) fibrils about 15 nm dia running in various directions within presumptive palisadal zones.
At an early stage of mineralization of the enamel layer (Fig. 7) . the apical ends of ameloblasts had become folded to form apical crypts. Granular material in the crypts had the same density as the basement membrane. Apical vesicles containing similar granular material were abundant in the apical cytoplasm of ameloblasts. Apical vesicles were often in contact with the plasma membrane and sometimes appeared to be fused with it. Clustering of vesicles around the bases of apical crypts suggests that the crypts formed through eruption of many apical vesicles around localized regions of the plasma membrane.
A conspicuous feature of the mineralizing enameline matrix (Fig. 7) was that developing enamel crystals occupied the hollow interiors of fibrils (tubules) which we call enameline fibrils. A few fibrils and enclosed crystals were seen in the sparsely mineralized 70~ beneath the basement membrane. but the bulk of the fibrils and crystals were densely packed in the mineralizing zone below this region of sparse mineralization. The abundance of granules and fine fibrils in the sparsely mineralized zone suggested that this was a region of assembly of the precursor units which aggregate into enameline fibrils.
Not all of the enameline fibrils in the mineralizing zone ( Fig. 7) had begun to mineralize. The tubular character of those containing crystals, however, was seen clearly at higher magnification (Fig. 8) . Walls of the tubules showed granular subunits in cross section. Diameters of the tubules and widths of their contained crystals were somewhat variable at the early stage of crystal growth depicted in Fig. 8 . Even these young crystals had a polygonal outline viewed transversely. In the longitudinal direction the crystals developed as long threads of indefinite length (Fig.  9) . We did not observe breaks which would indicate a standard length. Well-developed crystals were equilaterally hexagonal in cross section (Fig. 10) .
Giant fibres in the soft tissue of the tooth cap are illustrated in Figs. 5, 6, 10 and 11. They appeared to form by aggregation of fibrillar subunits. Individual protofibrils of developing fibres were clearly visible in cross section (Fig. 10) . The major periodicity displayed by the dark bands in giant fibres (Fig. 11 ) was 14.5 nm. There was a lighter band within each period. We did not observe collagen fibrils with a periodicity in the vicinity of 64 nm in the outer portion of the developing enamel layer, but they were present toward the dentine-enamel junction and within the dentine of mineralizing teeth. Unit fibrils and giant fibres characterized the interpalisadal matrix of the enamel layer, whereas deeper in the tooth there appeared to be a zone of overlap where giant fibres and collagen fibrils occurred together.
DISCUSSION
Our investigation has revealed that the cap layer of Carcharhinus contains enamel with crystals like those in mammalian teeth, although the mineralized component is permeated by soft tissue structures, including nerve endings, fibrous matrix and odontoblastic processes. This type of enamel in Mummery's (19 17) terminology is "tubular enamel". It is present in some teleost fishes, in recent marsupials, and in some fossil nontherians (Tomes. 1897; Mummery, 1917 : Moss, 1968 Lester, 1970) . The "tubules" appear to be occupied by ameloblast processes in marsupials. Odontoblast processes extending into the enamel iaye! may be considered a primitive vertebrate characteristic. Enamel spindles, which are expanded continuations of dentinal tubules within the enamel layer (Gustafson and Gustafson, 1967) . are probably persisting vestiges of the extensive tubulation in lower vcrtebrates.
Previous workers have generally spoken of "enamel" or "cap layer" synonymously, or have substituted for enamel another name such as vitrodentine.
durodentine. mesodermal enamel. enameloid. or initial pcripheral zone. Considering the cap layer in its entirety. we favour the view of Thomasset (1930) . Lison (194X) and Kerr (1955) that both ectoderm and mesoderm contribute to it. Considering as "enamel" only the mineralized portion of the tooth cap. however. WC believe that previous investigators (Moss et trl.. 1964 : Moss, 1968 ) who have contended that elasmobranch enamel is of ectodermal origin are probably correct. Garant (1970) prefers to call the tooth cap an "cnameloid layer" while its origin from ectoderm or mesoderm remains in question.
What are the arguments against believing that shark tooth enamel is derived from ectoderm? According to Peyer (1968) , shark teeth lack "true" enamel because they do not meet the following criteria for enamel in reptiles and mammals: (1) "formed by cells of the inner epithelium, the ameloblasts". (2) formed outside the mesodermal area, (3) direction of growth centrifugal. (4) hardened by mineralization of cell processes of ameloblasts. (5) shows characteristic negative birefringence. Peyer recognizes that the extent of the glassy cap layer coincides with the distribution of elongate ameloblasts during growth but ascribes to these cells purely formative. inductive or protective roles. Hc denies that they are secretory. In his view the tooth cap is a product of odontoblasts and should be considered modified dentine. Grady (1970) agrees with Pcyer and advances his own list of five principal objections to recognition of the shark tooth cap as "true" enamel: (1) the order of mineralization of outer and inner calcilicd layers is reversed in sharks and mammals. (2) the cap matrix is permeated by odontoblast processes; (3) "cells of the inner dental epithelium lose all basophilia at the time of matrix formation and consequently do not give the appearance of cells synthesizing protein for the organic matrix". (4) the mineralized cap of the shark's tooth develops on the pulpal side of the bustment membrane of the dental epithelial cells. (5) the front of apposition of new material appears to bc on the inner side of the cap matrix. i.e. the direction of growth appears to be centripetal.
Despite these objections. our study implicates the ameloblasts as the probable source of the enamcline fibrils of shark tooth enamel. If this be true. then growth of the tooth cap is centrifugal. Clltrastructural details of shark ameloblasts at various stages of tooth growth have not been published (Garant, 1970) , but some of our observations support the hypothesis that the organic matrix for shark enamel is a product of amcloblast secretion. First. vesicles containing dense material arc present in the apical cytoplasm of ameloblasts (Figs. 6, 7) . Second, these vesicles appear to fuse with the plasma membrane and secrete their contents extraccllularly. Third, electron-dense granular material accumulates in apical crypts of ameloblasts outside the hxclnent tnemhrane. Fourth. dense granular material also accumulates below the basement membrane and appears to be the precursor for enameline fibrils (tubules) polymerizing in the matrix beneath them. Fifth. the enameline fibrils are clearly different from conventional collagen fibrils. and elongated enamel crystals develop within them as in mammalian enamel. The enamel layer. and its constituent fibrils and crystals. appear to grow by centrifugal apposition. The only weak link in this chain of circumstantial cvidence is that we have not demonstrated positively that ;III amcloblast secretor! product traverses the basement mcmbranc.
Mammalian ameloblasts arc known to secrete the organic matrix of enamel (Fcarnhead. 1961; Rannholm. 1962, a.b,c; Frank and Nalbandian. 1967 : Kallcnbach. 1970 , 1971 : Reith. 1970 : Warshawsky. 1971 : Weinstock and Leblond, 1971 . Shark ameloblasts lack processes like the Tomes processes of mammals. but it has been demonstrated that mammalian amcloblasts may begin to secrete the inner prismless layer of mineralizing enamel matrix even before Tomes processes develop (Riinnholm. 1962b : Warshausky. 1971 ). It is true that shark enamel begins to calcify bcforc dcntinc. but this reversal of the mammalian sequence may indicate merely that elasmobranchs and mammals difrer in the timing of activity of ameloblasts and odontoblasts.
Structurally the mineralized zones of shark enamel are like those of mammalian enamel rather than mammalian dentine. Shark dentine, on the other hand. closely resembles mammalian dentine. The sequence of ossification of bones and mineralization of teeth varies among species (Kemp and Hoyt. 1969) . and determinations of homology must be based on dcveloptnental anatomy rather than exact chronology.
The principal protein of the matrix of mammalian enamel has been reported as keratin-like (Pautard. 1961; Rtinnholm. 1962~: Piez. 1962 Glimcher et al.. 3964) . Levine cl ctl. (1966) have reported that the protein of shark tooth enamel is not collagenous. although Moss VI ul. (1964) have characterized this protein as an "cctodermal. invertebrate-like collagen" different from mssodcrmal collagen. The enameline fibrils of Crr~-&rhj~7~~ enamel arc certainly distinct from conventional collagen fibrils.
Shark enamel shares with mammalian enamel the pattern of crystal development within the interior of hollow enameline fibrils (tubules) (Travis, 1968 (Schmidt, 1940; Trautz, Klein and Addelston, 1952; Frank, Sognnaes and Kern, 1960; Glas and Omnell. 1960; Souza and Sasso, 1961; Sasso and Santos. 1961) . Human enamel crystals (Frazier, 1968) and those of the rat (Nylen, Eanes and Omnell. 1963 ) are slightly flattened hexagons in cross section. Bovine enamel crystals are rectangular as they develop within elliptical tubules (Travis, 1968; .lcssen, 1968) . Shark enamel crystals become equilaterally hexagonal. according to Garant's (1970) work with Syucllus and our results with Carcharhinus. Glas 1962) has presented evidence that shark tooth enamel is more like Huoroapatite than like hydroxyapatite. Possibly fluoride content affects the shape of the crystals. Another possibility is that crystals of shark enamel are free to grow equilaterally, whereas mammalian crystals and the tubules surrounding them may be subjected to uni-directional compression against dcntine or prevlousl) deposited enamel. Crystals of dentine are short and needle-shaped both in mammals and sharks (Veis, Spector and Carmichael, 1969; Frank and Nalbandian, 1967; Garant, 1970) .
The presence of odontoblast processes extending into the enamel layer of sharks' teeth is the principal reason why many investigators have concluded that this layer is modified dentine. derived from odontoblasts. Kerr (I 955) described reticular fibres oriented perpendicular to the tooth surface in the enamel layer, and also long or short collagenous fibres accompanying the odontoblast processes in this layer. He observed that the fink reticular fibres lead into coneshaped enlargements attached to the basement membrane beneath the ameloblasts.
It is probable that these enlargements correspond to the giant fibres we have observed electron microscopically (Figs. 5, 6, 10,
I I).
Our first interpretation of the giant fibres and the unit fibrils from which they polymerize was that they are collagenous (Kemp and Park, 1969) . Superficially they resemble the actinotrichia of teleost fins (Kemp and Park, 1970) . We estimated that the periodicity of the giant fibres was about one-third that of conventional collagen fibrils; hence we likened them to the short-period collagen fibrils with a periodicity of 21-77 nm reported by Porter (1952) from chick fibroblast __ cultures. and by Gross (1956) from in t&o experiments with collagen solutions. According to this interpretation, we pictured the interpalisadal partitions of the shark's tooth as a primitive type of connective tissue, produced by odontoblastic processes protruding into tho enamel layer. We believed that the enameline fibrils of the mineralizing zones were a different type of product, probably derived from ameloblasts.
Although the above interpretation may be correct, we must consider two principal alternatives. It is conceivable first that all three types of fibres in the enamel layer--enameline fibrils, interpalisadal unit fibrils and giant fibres-are products of odontoblast cells of the dental papilla. The second alternative is that all the fibrous components of the matrix are products of ameloblasts. According to this view. ameloblast secretions traverse the basement membrane and infiltrate between dental papilla cells. thereby filling the space between odontoblast processes as the enamel layer thickens. This hypothesis would hold that odontoblast processes protruding into the enamel layer secrete none of the fibrous components of the matrix.
Re-examination of our original hypothesis has caused us to question seriously whether giant fibres are indeed collagenous.
Their banding periodicity of 14.5 nm is actually considerably less than a third that of conventional (64nm) collagen fibrils; thus we are not justified in assuming that they are like the shortperiod collagenous fibrils described by Porter (1952) or Gross (1956) . Complicating analysis of the histogenesis of giant fibres is their relation to the interpalisadal unit fibrils. Our first assumption was that these unit fibrils are collagenous, because they develop in the matrix between odontoblastic processes extending into the tooth cap. They surround the giant fibres, run in the same direction and unquestionably merge with the giant fibres. Unit fibrils and giant fibres are apparently different stages of polymerization of the same precursor substance.
Toward the base of the tooth the matrix of odontoblasts and pulpal cells contains conventional collagen fibrils. Likewise dentine contains conventional fibrils. Deep within the enamel layer, there appears to be a zone of overlap where giant fibres and conventional collagen fibres lie side by side in the matrix. In such locations there appears to be fusion of the two types, thereby supporting the concept that the giant fibres are collagcnous.
Morphological evidcncc argues against the possibility that unit fibrils and giant fibres of the interpalisadal zones are composed of enameline protein. The enameline fibrils are hollow. whereas the interpalisadal fibres are solid aggregations of protofibrils. Moreover, the enameline fibrils prior to mineralization are all about the same diameter in contrast to the variable diameters of interpalisadal fibrils and fibres. We conclude that the giant fibres and associated fibrils are probably not enameline protein but probably are collagenous. Further research will be necessary to establish their identity and to explain their unusual banding pattern. 
PLATO, I
Fig. I. Lateral view of an excised block from the lower jaw 01 Carcharhinus menisorrah, showmg a smgle tile of the eight rows of teeth exposed after removal of the covering tissue of the dental pocket. The first two teeth primordia at the posterior end of the file are soft and uncalcified. The third-row tooth (arrow) has begun to calcify around its tip. The fourth-row tooth is more calcified, and the more anterior four teeth are heavily calcified. x 5 Fig. 2 . Photomicrograph of dental lamina (dl) and primordia from first two rows of teeth (t,. tz). The earliest primordium (t,) is mound-shaped. The second-row tooth (tr) has elongated to cone shape. a, ameloblasts; e, enameline matrix; dp, dental papilla. Heidenhain's azan. x 84 Fig. 3 . Section of apex of a third-row tooth in which calcification of the enameline matrix (e) has commenced. Ameloblasts (a) are tall, columnar cells. Pink-staining odontoblastic processes from peripheral cells of the dental papilla (dp) extend into the enameline matrix and tend to curve toward the tip. Bluestaining fibres are oriented perpendicular to the tooth surface within the enameline matrix. Heidenhain's azan. x 84 Fig. 4 . Section showing bases of third-and fourth-row teeth (t3. t4). Thickness of enameline matrix (e) diminishes toward the tooth base as the height of the ameloblastic layer lessens. Odontoblasts (0) form a layer at the perrphery of the dental papilla (dp). Dentine (d) has developed in the base and beneath the basal enamel of the fourth-row tooth. Heidenhain's azan. x 84 . the underlying bascment membrane (bm), matrix of presumptive enamel layer. and portion of a papilla cell (PC) of the dental papilla. Cytoplasm of the apical ends of ameloblasts contains vesicles (v) with finely granular contents. Unit fibrils (f) and giant fibre (gf) mark the location of a future interpalisadal zone. To the right of the giant fibre is a fibrous matrix which is precursor to a mineralizing palisade. In this zone between basement membrane and papilla cells are fine fibrils (arrows) thought to be developing enameline fibrils. x 62000 
